Conditions described as "erythromelalgia" and "erythermalgia" are being formally specified by etiological diagnoses that enable the use of disease-modifying as well as symptomatic treatments. We describe an otherwise healthy 20-year-old man with acute-onset erythromelalgia. Severe bilateral distal limb pain and vasodilation persisted despite the use of many antihyperalgesics. Pathological examination of cutaneous nerve endings revealed severe small-fiber predominant axonopathy. Treatment of his apparent autoimmune polyneuropathy with high dose corticosteroids, 4 days of lidocaine infusion, and a prednisone taper cured him. Similarities to other cases allowed us to tentatively characterize a new treatable cause of erythromelalgia; acute adolescent autoimmune small-fiber axonopathy. In this report we evaluate various options for diagnosis and treatment.
Conditions described as "erythromelalgia" and "erythermalgia" are being formally specified by etiological diagnoses that enable the use of disease-modifying as well as symptomatic treatments. We describe an otherwise healthy 20-year-old man with acute-onset erythromelalgia. Severe bilateral distal limb pain and vasodilation persisted despite the use of many antihyperalgesics. Pathological examination of cutaneous nerve endings revealed severe small-fiber predominant axonopathy. Treatment of his apparent autoimmune polyneuropathy with high dose corticosteroids, 4 days of lidocaine infusion, and a prednisone taper cured him. Similarities to other cases allowed us to tentatively characterize a new treatable cause of erythromelalgia; acute adolescent autoimmune small-fiber axonopathy. In this report we evaluate various options for diagnosis and treatment. Eryt hromelalgia (Gr: red, painful limb) (1) is a symptom complex of distal limb edema and burning pain that can be constant or paroxysmal, acute and/or severe, or chronic and indolent. Severely affected patients immerse their limbs in cold water to reduce their pain (2) . Despite increased total limb perfusion there is paradoxical tissue ischemia from precapillary arteriovenous shunting (3). Both ischemia and neuralgia contribute to the pain. Microneurography has identified low conduction velocities and spontaneous activity and sensitization of mechano-insensitive C-fibers (4).
Bilateral erythromelalgia is commonly associated with three etiologies. Mutations in the Na v 1.7 sodium channel-subunit of sensory and sympathetic neurons (5) have been identified in childhood onset familial (6, 7) and sporadic erythromelalgia (6, 8) . Myeloproliferative disorders infrequently cause erythromelalgia through undefined mechanisms, as do various small-fiber axonopathy (SfA) (9 -12) . We describe the successful treatment of a 20-year-old with acute erythromelalgia, apparently caused by autoimmune SfA. Similarities to other cases allowed us to tentatively characterize a new syndrome: acute adolescent erythromelalgic small-fiber axonopathy.
CASE REPORT
A healthy 20-year-old man vacationing in Bermuda sprained an ankle. Within 5 h, redness and pain "like broken glass running through my veins" developed in his hands and feet. His pain worsened when he showered with warm water and improved with cold water immersion. His medical history revealed only childhood pneumonia and treatment for anxiety and depression. He was a high level lacrosse competitor who occasionally used alcohol, but no tobacco or illicit drugs. He had no family history of neurological disorders. While flying home 2 days later he held ice in his hands and placed it under his bare feet for pain relief. He went immediately to a local emergency department (ED). Gabapentin and hydrocodone/acetaminophen were prescribed, but were ineffective. Two days later he came to a Boston ED where testing, including lumbar puncture, was performed (Table 1) . Gabapentin was increased, and mannitol prescribed for possible ciguatera (13) . Because he was no better the next day, he came to Brigham and Woman's ED. Examination revealed hypertension and red swollen feet, which he had submerged in cold water. Hydromorphone was prescribed and his gabapentin increased. The next day he returned and was admitted. A neurologist's examination was reported as entirely normal. Cardiologic evaluation revealed no cause for chronic tachycardia (90 -150) and hypertension (160 -200/80 -110 mm Hg) that required prolonged ␤-blockade. Many pain medications were ineffective (Table 2) . Two trials of IV lidocaine 50 mg/h for 4 h transiently improved his pain, and he was discharged with pregabalin 400 mg, amitriptyline 25 mg, and mexiletine 600 mg daily, but his pain remained intolerable and so he was readmitted 4 days later. Pregabalin was increased to 600 mg daily, amitriptyline was stopped, and venlafaxine and phenytoin were instituted.
After discharge, acupuncture was found ineffective. His foot pain waned (attributed by the patient to total sensory loss), but increasing hand pain prompted a third admission for unsuccessful trials of IV ketamine and clonidine patches (Fig. 1A ). An interview with a toxicologist established that he had not eaten any potentially ciguatoxic large fish (13) . Nerve conduction studies (NCS) performed 1 mo after onset showed normal compound motor potentials, and normal (superficial peroneal), borderline (sural), and slightly prolonged (median) distal sensory latencies, which was thought to possibly be due to his chilled limbs. Sensory amplitudes were normal except for mild right median reduction. He could not tolerate electromyography (EMG). Punch skin biopsies from his distal leg (14) showed erythrocyte extravasation, mast cells, fluid in the dermis, and no amyloid birefringence. PGP9.5 immunolabeling of axons was nearly absent, indicating severe distal sensory axonopathy. Skin biopsies from other patients that were processed simultaneously labeled normally. Smallfiber predominant axonopathy was diagnosed and attributed to autoimmune causes.
Methylprednisolone 1 g daily was administered IV for 4 days. His pain scores, 8/10, decreased within hours to 5/10. On day 4, continuous lidocaine infusions were initiated at 0.5 mg/min, and increased by 0.5 mg/min daily to 2.5 mg/min. His plasma levels increased from Ͻ1.0 to 2.5 g/mL without adverse effects. His pain scores remained 4 -5/10 but ambulation increased. He was discharged using prednisone 90 mg daily, pregabalin 900 mg, mexiletine 150 mg, metoprolol 150 mg, venlafaxine XR 75 mg, duloxitine 60 mg, and clonazepam 3 mg. He developed an infected ankle ulcer from scratching the neuropathic itch in his desensate skin (Fig. 1B) .
Prednisone was tapered over 6 wk. His vital signs normalized, though a 23-kg weight loss persisted. Leg atrophy and weakness resolved quickly with rehabilitation, but neurogenic hand weakness with muscle atrophy and mild contractures lingered (Fig. 1B) . At discharge he could not write, but at 9 mo post-onset his only residual difficulty was in fastening clothing. Complete sensory loss of his palms and soles improved. At 4 mo post-onset, autonomic testing revealed four limb sweating loss and normal heart rate variability. At 13 mo post-onset he remained symptomfree without medication.
DISCUSSION
Our patient's symptoms, examination, EMG/NCS, skin biopsy, and sweat testing established SfA as the cause of his erythromelalgia. SfA is difficult to detect and often remains undiagnosed. EMG/NCS is insensitive to small-fibers and so remains normal or nearly so in erythromelalgia (15, 16) and SfA (17) . Neurodiagnostic skin biopsy is a sensitive test (14) that was diagnostic in four of five other similar cases (15, 16) . Light microscopic evaluation of sural nerves is insensitive because small fibers are invisible without electron microscopy (15) . Severely reduced sweating in our patient established that his SfA affected cholinergic autonomic axons. Quantitative sweat testing, diagnostic in 75% of SfA patients (18), appears promising for erythromelalgia diagnosis. Tests of adrenergic axons were normal in our patient as in many SfA patients (18) . Quantitative sensory testing, often abnormal in SfA (15) , is subjective and nonspecific.
Because we found no other causes of SfA (Table 1) , and because skin biopsy revealed mastocytosis, isolated autoimmune polyneuropathy was diagnosed and validated by successful immunosuppression. Rheumatologists did not find vasculitis or extra-neural involvement. Guillain-Barré syndrome is a better known isolated autoimmune polyneuropathy that affects myelinated motor and rarely sensory fibers (19) . Preliminary evidence suggests that the inflammatory infiltrates of Guillain-Barré syndrome are absent in autoimmune SfA (15) . Sparse mast cells are common. Our patient's cerebrospinal fluid had normal cells and protein but in another study, six of six older patients with nonerythromelalgic SfA had high protein without cells (20) . CBC ϭ Complete blood cell count; WBC ϭ white blood cell count; Hgb ϭ hemoglobin; Plt ϭ platelet; TSH ϭ thyroid stimulating hormone; LP ϭ lumbar puncture; RBC ϭ red blood cell count; VDRL ϭ venereal disease research laboratory test; ESR ϭ erythrocyte sedimentation rate; SPEP ϭ serum protein electrophoresis; IPEP ϭ immune globulin protein electrophoresis (immunoelectrophoresis); UPEP ϭ urine protein electrophoresis. ANA ϭ antinuclear antibody; RhF ϭ rheumatoid factor; CT ϭ computed tomography scan; MRI ϭ magnetic resonance scan; HIV ϭ human immunodeficiency virus. (20, 21) . One prednisone-responder had added benefit from methylprednisolone 1 g/d during flare-ups (16) . Pain management is notoriously difficult in erythromelalgia (Table 2) . Here, most medicines were ineffective but pregabalin helped during recovery. Tricyclics should have been tried for a longer period. Continuous systemic lidocaine followed by mexiletine reduced his pain and increased his activity as it has in other erythromelalgia patients (22) . Untried treatments include sodium nitroprusside (21, 23) , prostacyclin (24) , and topical amitriptyline/ketamine (25) . Epidural morphine/bupivacaine has helped acute handpredominant erythromelalgia (21) .
Severe acute erythromelalgia has complications which include significant weight loss (15, 21) . Because malnutrition can worsen polyneuropathy, supplements may be indicated. Our patient and others (23) had long-lasting hypertension and tachycardia consistent with autonomic neuropathy. Some patients develop distal limb ulcers from hypoxia (6, 23) . SfA probably contributes by thinning the skin (26) . SfA can cause neuropathic itch in desensate skin which predisposes to self-injury (Fig. 1B) (27) . Corticosteroids presumably exacerbate infection risk. As with diabetes, vascular and neurologic abnormalities can combine to cause ulcers, infection, sepsis, and amputation (2,28).
Age may influence the risk for developing erythromelalgia symptoms. The two other well-documented cases of erythromelalgic acute autoimmune small-fiber axonopathy are also in adolescents (15) as are other possible cases (21, 23) . Reported acute autoimmune small-fiber axonopathy patients without erythromelalgia phenotype were older (ages 59, 55, 46) (15, 16) . We conclude that adolescents with acute erythromelalgia should be evaluated for autoimmune SfA and possible immunosuppression with corticosteroids and pain management with systemic lidocaine. It may be useful to investigate whether childhood onset genetic cases and myeloproliferative cases in older adults also involve SfA. and erythema are worse in his feet, although they were largely insensate and his hand pain was then worse than his foot pain. He removed his hands from ice water to be photographed as shown by the water dripping on his right knee. There are early skin erosions on the dorsum of his right hand and left foot. B. Photo of patient on January 6, 2006 during outpatient prednisone taper. Note the resolution of distal limb edema and erythema but worsening of skin ulcers. His left first dorsal interosseous muscle had neurogenic atrophy.
